Supplemental text (Materials and Methods) 1"

Bacterial growth medium 2"
Unless otherwise indicated, planktonic cultures of M. smegmatis (mc 2 155) and M.
3"
tuberculosis -an attenuated (mc 2 7000) and a virulent (Erdman) -strains were 4" grown at 37 °C in Middlebrook 7H9ADC and 7H9OADC, respectively, with 0.05% 5"
Tween 80. Pantothenate was added at 100 μg/mL for cultures of M. tuberculosis 6" (mc 2 7000). For biofilm cultures, 10 μL of a saturated planktonic culture of M.
7"
smegmatis was inoculated in 10 mL of detergent-free Sauton's media, either with 8"
1mM ZnSO 4 or without supplemental zinc, and incubated without shaking at 30 9"°C for 7 days. 7H10ADC or 7H11OADC media were used for plate cultures.
10"
Wherever necessary for selection of recombinant strains, zeocin, kanamycin and 11" hygromycin, were used at 25 μg/mL, 20 μg/mL, 150 μg/mL (M. smegmatis and 12" E. coli) or 50 μg/mL (M. tuberculosis), respectively. Other experimental 13"
concentrations of antibiotics are indicated in the respective figure legends. E. coli 14"
(DH5α) derivatives were grown in LB broth or LB agar at 37 °C with appropriate 15"
antibiotics. The viability of growth-arrested cells with C+ or C-ribosomes was 16" determined by plating dilutions on minimal medium (M63) containing 1.5% agar, 17" 0.2% glucose and 0.05% tyloxapol.
18"
PCR-based modified version of the recombineering strategy (1) was developed 22" for targeted gene deletion by replacement with a zeocin-resistance marker.
23"
Targeting arms flanking the gene of interest were PCR amplified from genomic 24" DNA using the listed primers (Supplementary Table S2 ). Each arm of the allelic 25" exchange substrate (AES) was ~250 bp in length. The proximal primer for each 26"
arm had a tail complementary to opposite ends of a PCR amplified zeocin 27" resistance cassette. The zeocin resistance cassette consists of an upstream 28" universal priming site (UPS) (CTTCAGACCTCATCTCCCTCACCA), a loxP site, 29" a compact promoter and zeocin resistance gene (Invivogen, pVAC-1), a second 30" loxP site, and another unique priming site 31" (CTTCAGCACACCTCACACCTCAAC). The zeo resistance cassette used for 32" PCR amplification is carried on a pUC19 plasmid. The UPS-tailed arms were 33" combined with the UPS-tailed zeocin-resistance cassette and sewn together, 34" linked through the complementary tails and driven by distal-arm primers. The 35" sewn targeting substrate was PCR purified and electroporated into 36"
recombineering-proficient cells (1) and plated on 7H10ADC or 7H11OADC with 37" 25 μg/ml zeocin. The genotypes of zeocin resistant colonies were confirmed by 38" PCR. The recombineering plasmid (pJV53-sacB) was removed by plating the 39" cells on 7H10ADC or 7H11OADC with 15% sucrose. All mutants in the study 40"
were unmarked by resolution with Cre encoded by the plasmid pCre-SacB (kan r ), 41" which was subsequently removed by sucrose-selection. All complementing 42" plasmids were constructed in an L5-attP based integrative vector backbone, 43" pYL3 (hyg r ), which was constructed by replacing the kan r cassette in pMH94 with 44" the hyg r cassette from pYUB854 using EcoRV and NotI sites. Mutations in msm c-45" P zur-box were introduced by PCR at nucleotides known to be important for ZurB 46" binding ( Fig. S5) .
47"
Ribosome purification 48" 500 mL Sauton's media containing 0.05% Tween 80 and either 1 mM ZnSO 4 or 49" with 1 μM TPEN was inoculated with 50 mL of a saturated, PBS-washed, culture 50" of M. smegmatis, and shaken at 37 °C to an OD 600 of 2.0 (late-logarithmic phase 51" of growth). Cells were harvested at 8000 g for 15 minutes, resuspended in 0.5 52" mL HMA-6 buffer (20 mM HEPES-K pH7.5, 30 mM NH 4 Cl, 10 mM MgCl 2 , 5 mM 53" β-mercaptoethanol) and flash frozen in liquid nitrogen. The frozen cells were 54" pulverized 6 times at 15 Hz for 3 minutes in a mixer mill (Retsch MM400). The 55"
lysates were mixed with 15 mL of HMA-6 buffer and centrifuged for 30 minutes at 56" 30,000 g in Beckman rotor JA 30.5Ti. The supernatants were collected in the 57"
Beckman PC ultracentrifuge tubes and further centrifuged for 2 hours and 15 58" minutes at 135,000 g in a Beckman rotor Type 70Ti. Pellets were soaked in 5 mL 59" of HMA-6 buffer in an ice water bath overnight, and then homogenized for 30 60" 129" 2.0, then washed three times with PBS + 0.05% Tyloxapol. About 10 7 CFU/mL 130"
were resuspended into PBS with 0.05% Tyloxapol and corresponding levels of 131" zinc (either 1mM ZnSO 4 for high-zinc cultures or 1 μM TPEN for low-zinc 132" cultures). Experimental antibiotics at the indicated concentrations were added, 133"
and after 2 days of exposure, viable cells were enumerated by plating dilutions 134" on 7H10ADC.
135"
Immunoblotting
136"
Total cell lysates (10 µg) or purified 70S ribosomes (4.8 pmoles) from 137" stationary phase cultures of the indicated strains, grown in the Sauton's media 138" with either 1 µM TPEN for low-zinc condition) or 1mM ZnSO4 (for high-zinc 139" condition), were resolved on 12% SDS-PAGE, and proteins were probed with 140"
anti-FLAG (Genescript), an endogenously raised anti-S14 C-, and anti-S13 of E.
141"
coli (The Developmental Studies Hybridoma Bank) antibodies. 142" Ribosome degradation assay using 3 H-Uridine 143"
The assay was performed as described earlier (4) . Cells of the indicated strains 144" were cultured till OD 2.0 in Sauton's medium with 0.05% Tween-80, 1 μCi/mL of 145" (either 1mM ZnSO4 for high-zinc cultures or 1 μM TPEN for low-zinc cultures) at 162"
10
7 CFU/mL. After 2 days of incubation at 37 °C, the crude ribosomes were 163" purified as described earlier in this section, and quantified by measuring their 164" optical density at 260nm. Ribosomes from actively growing culture of wild type M.
165"
smegmatis in Sauton's medium with 1 mM ZnSO 4 were purified as reference.
166"
15OD crude ribosomes from each samples were layered onto 10%-40% sucrose 167" gradients containing 20 mM HEPES-K pH7.5, 30 mM NH 4 Cl, 4 mM MgCl 2 , 5 mM 168" β-mercaptoethanol, and centrifuged for 16 hours at 25,000 rpm in a Beckman 169" rotor SW 32.1. Gradients were analyzed in a 260nm Teledyne ISCO gradient 170"
analyzer.
171"
Animal infection, tissue sectioning and microscopy 172"
All animal experiments were approved by the Institutional Animal Care and Use 173"
Committee (IACUC) of the Wadsworth Center. Exposure of mice with the 174"
reporter M. tuberculosis (Erdman) was performed in the ABSL3 laboratory at 175" Wadsworth Center. Using a Glas-Col aerosolizer (Glas-Col Inc.), C57BL/6 or 176" C3H/FeBJ female mice (60-day old) were infected with aerosolized particles of a 177" recombinant reporter strain of M. tuberculosis (Erd) + pYL28 + pEM2 (Table S1 ) 178" at a density of ~10 7 CFU/mL. Default aerosolization settings of the instruments, 179" transfer function (CTF) parameters of each micrograph were determined using 215" CTFFIND3 (6). All subsequent image processing was done using Relion 1.4 (7).
216"
182,179 particles with a box size of 400 pixels were auto picked and subjected to 217" reference-free 2D-classification and 50 good 2D class averages were obtained.
218"
91,121 particles from the best 2D classes were subjected to reference-based 3D-219" classification procedures using a low-pass filtered (to 60 Å) map of the E. coli 220" 70S ribosome as reference (8) . The 3D classification yielded five major classes, 221" among which three classes showed intact 70S ribosomes. These classes, 222"
represented by 13,668, 15,491, and 17,313 particle images, were refined 223"
independently. Of these three classes, the first two classes, which represented 224" the unrotated state of the ribosome, were combined and refined to an overall 5.4 225" Å resolution. To improve the quality of the map, individual ribosomal subunits 226"
were masked and further refined. The core of each subunit was resolved up to ~4 227" Å. The third class, which represented a rotated state of the ribosome, was 228" refined to an overall 7.2 Å resolution. Individual subunits of the rotated-state 229" ribosome map were also masked and further refined. The final resolutions for the 230"
small and large subunits of the rotated-state C+ ribosome were 6.8 Å and 6.4 Å, 231"
respectively.
232"
Cryo-EM data for the C-ribosomes were collected on an FEI Titan 233"
Krios electron microscope, equipped with a Gatan K2 Summit direct-electron 234" detecting camera, at 300 kV and defocus range of 0.5 to 3 μm at a calibrated 235" magnification of 22,500 X of the camera, yielding a pixel size of 1.07 Å on the 236" object scale. A total of 3,593 movie stacks, each containing 50 sub-frames, were 237" recorded in the automated mode using Leginon data acquisition program, with an 238" electron dose rate of ~6.68 electrons per Å 2 per second and total exposure time 239" of 10 seconds. Thus, the total accumulated dose on the specimen was about 67 240" electrons per Å 2 . All 50 frames were merged and aligned using the MotionCor2 241"
program (5). The contrast transfer function (CTF) parameters of each micrograph 242"
were determined using CTFFIND4 (6) . After the CTF estimation, 2989 243" micrographs were selected. All subsequent image processing was done using 244"
version of Relion (7)
. 205,510 particles with a box size of 454 pixels were 245" auto picked and subjected to reference-free 2D-classification and 50 good 2D 246" class averages were obtained. 161,981 particles from the best 2D classes were 247" subjected to reference-based 3D-classification procedures using a low-pass 248" filtered (to 60 Å) map of the C+ 70S ribosome as a reference. The 3D 249" classification yielded only one major class that showed an intact 70S ribosome, 250"
represented by 66,840 particle images, which was refined to 3.46 Å resolution 251" (Figs S2A and B) . Individual ribosomal subunits were masked and further refined.
252"
The final overall resolutions for the LSU and SSU were 3.42 Å (Figs. S2C and D) 253" and 3.62 Å (Figs. S2E and F) , respectively. Repeated classification of the C-254" ribosome dataset in RELION invariably yielded only an unrotated conformational 255" state.
256"
For comparison between the two cryo-EM maps, the map with higher 257$ resolution was low-pass filtered to match the map with lower resolution. All 258$ visualization was done in Chimera (9) . 259$
Structural modeling and antibiotic docking 260$
The 70S M. smegmatis structures (10) (PDB ID: 5O5J and 5O60 ) were used as 261$ a template. The coordinates of the SSU and the LSU were docked in to the 262$ corresponding cryo-EM subunit maps of both C+ and C-ribosome using Chimera 263$ (9). The initial models for C-forms of M. smegmatis ribosomal proteins S14, S18, 264$ L28, and L33, and MSMEG_1878 (MPY) were obtained by homology modeling 265$ using I-TASSER (11). The cryo-EM densities corresponding to these proteins 266$ were segmented and homology models were initially placed as a rigid-body into 267$ these maps using Chimera (Figs. 1A-D, S2A-F ). Protein's side-chains were built 268$ into cryo-EM density using Coot (12) , and real-space refinement and validation 269$ was done using PHENIX (13) . The statistics of molecular modeling and EM 270$ reconstruction is provided in Table S3 . The Molprobity score (14) The highlighted residues are also involved in making contacts with ribosomal components (Figure 2 ). 26 aa residues on the N-terminus and 101 aa residues on the C-terminus were disordered, or poorly resolved and therefore could not be modeled. C. Poorly resolved density (solid grey) corresponding to 100 aa C-terminus of MPY is visible only at a lower threshold value. This density is situated in the cleft formed between the 30S subunit's head (h) and platform (pt), as shown in the thumbnail to the left. L2  L3  L4  L5  L6  L7  L9  L10  L13  L14  L15  L18  L19  L20  L21  L22  L23  L24  L25  L27  L28   C+   L28   C-L29  L30  L32  L33   C+   L33   C-L35  S1  S2  S3  S4  S5  S6  S7  S8  S9  S10  S11  S12  S13  S14 C-S15 S16 S17 S18 Schematic of the reporter strain, with a constitutive promoter of hsp60 (P hsp60 ) and the mtb cpromoter (P mtbc-) expressing mCherry and Dendra2, respectively. B. Microscopic analysis of mtb c-expression in response to zinc limitation. Bacilli grown in rich media were washed and transferred to the indicated media for one week prior to visualization. 1 mM ZnSO 4 was used as zinc supplement, 0.5 mM EDTA was used to chelate traces of zinc in the medium for optimum contrast. Figure 6 of the manuscript. B. Representative micrographs of lung sections from C3HeB/FeJ mice after 6 weeks of infection with the reporter strain described in panel A. Sections from three independent infections were analyzed. C. Burden of the reporter strain in lungs of C3HeB/FeJ mice at the indicated times after infection. 
